The transcription factor Pax6 is expressed by progenitors in the ventricular zone (VZ) of dorsal telencephalon (dTel), which generate all cortical glutamatergic neurons, but not by progenitors in the medial ganglionic eminence (MGE), which generate cortical GABAergic interneurons (GABA INs), or the lateral ganglionic eminence (LGE), which generate GABA INs that normally migrate to the olfactory bulb. We show that perinatally, Pax6 sey/sey mice, which lack functional Pax6 protein, have large subpial ectopias in dTel and ventral telencephalon connected by cell streams arising from an aberrant paraventricular ectopia found throughout dTel. cortical development ͉ Emx1 lineage ͉ forebrain patterning ͉ medial ganglionic eminence ͉ neuronal specification T he mammalian neocortex is assembled with neurons generated in different regions of the telencephalon (1, 2). Glutamatergic neurons, including all projection neurons, are generated in the neocortical ventricular zone (VZ) of dorsal telencephalon (dTel) and migrate radially to form the cortical plate (CP) (1). GABAergic interneurons (GABA INs) comprise a quarter of neocortical neurons (3). The majority of GABA INs are born in the medial ganglionic eminence (MGE) of the ventral telencephalon (vTel) and migrate tangentially throughout the cortical hemisphere (4-9); a smaller number are generated in caudal GE (10). The lateral GE (LGE) generates GABA INs that populate either the olfactory bulb (OB) (6, 11) or vTel (7). In mice, GABA INs migrating from the MGE enter cortex on embyronic day (E) 13.5 (4, 12) and take two tangential paths: (i) a superficial path in the marginal zone (MZ) and (ii) a deep path in the intermediate zone (IZ). Beginning on E15.5, INs leave their tangential paths and migrate radially into the CP (9, 13).
T he mammalian neocortex is assembled with neurons generated in different regions of the telencephalon (1, 2) . Glutamatergic neurons, including all projection neurons, are generated in the neocortical ventricular zone (VZ) of dorsal telencephalon (dTel) and migrate radially to form the cortical plate (CP) (1) . GABAergic interneurons (GABA INs) comprise a quarter of neocortical neurons (3) . The majority of GABA INs are born in the medial ganglionic eminence (MGE) of the ventral telencephalon (vTel) and migrate tangentially throughout the cortical hemisphere (4-9); a smaller number are generated in caudal GE (10) . The lateral GE (LGE) generates GABA INs that populate either the olfactory bulb (OB) (6, 11) or vTel (7) . In mice, GABA INs migrating from the MGE enter cortex on embyronic day (E) 13.5 (4, 12) and take two tangential paths: (i) a superficial path in the marginal zone (MZ) and (ii) a deep path in the intermediate zone (IZ) . Beginning on E15.5, INs leave their tangential paths and migrate radially into the CP (9, 13) .
The paired-box transcription factor Pax6 is expressed by progenitors in the dTel VZ (14) (15) (16) (17) and influences the development of cortical lamination (18, 19) , projections (20, 21) , and areal patterning (22) (23) (24) . In small eye mutant mice (Pax6 sey/sey ), which lack functional Pax6 protein (25) , progenitors in the dTel VZ have diminished expression of dorsal markers, such as the regulatory genes Ngn2 and Emx1, and acquire expression of markers expressed in the GE, such as the regulatory genes Mash1 and Gsh2 (26) (27) (28) . An unanswered question is whether ventralization of dTel progenitors in Pax6 mutants results in a respecification of their neuronal progeny to a ventral fate exhibited by GABA INs generated in the GE. To address this issue, we analyzed Pax6 sey/sey mice by using markers for regionand neuron type-specific identities and genetic fate-mapping of cells of an Emx1 lineage characteristic of dTel progenitors and their progeny. Our findings show that Pax6 represses ventral fates in the dTel VZ, delimits the proliferative zone for GABA INs, and regulates their numbers and distributions in the telencephalon.
Materials and Methods
Homozygous Pax6 mutants (sey͞sey) were obtained from mating heterozygous small eye (sey͞ϩ) mice on a C57BL͞6J-DBA͞2J background and genotyped by eye morphology (25) . Pax6 sey/sey ; Emx1-Cre;R26R mice were generated by breeding Pax6 sey/ϩ ; Emx1-Cre knockin mice [K. Jones (29) ] and Pax6 sey/ϩ ;R26R mice [P. Soriano (30) ]. Animal care was in accordance with institutional guidelines. X-Gal staining was performed as described in ref. 31 (28) .
Results

GABA INs Form Ectopias on the Surface of Pax6 sey/sey Telencephalon.
At E18.5, GABA INs are distributed throughout the cortex (5, 7, 34, 35) . We analyzed by whole-mount ISH, E18.5 WT and Pax6 mutants by using markers for GABA INs, GAD67, or a mix of Dlx-1 and Dlx-2 probes (36, 37) , the latter of which in WT selectively labels cortical GABA INs generated in the MGE, as well as progenitors throughout the GE (5). In WT, GAD67 ( Fig.  1 A and AЈ) and Dlx-1͞2-positive (not shown) cells are not evident from the surface because most are dispersed beneath it. However, GAD67 ( Fig. 1 A and AЈ) and Dlx-1͞2 (not shown) expression is seen in the OBs, marking GABA INs that are generated in the LGE and migrate through the rostral migratory stream (6, 11) . In contrast with WT, in E18.5 Pax6 mutants, ectopic domains of strong GAD67 and Dlx-1͞2 expression are evident on the dorsal ( Fig. 1 B and C) and ventrolateral ( Fig. 1 BЈ and CЈ) cortical surfaces.
The most striking ectopias are found caudally along the medial͞lateral extent of the cortical hemisphere, near the inflection between posterior neocortex and parahippocampal structures ( Fig. 1 B and C) , and elsewhere ( Fig. 1 B and C) . Ectopic domains of strong GAD67 and Dlx-1͞2 expression also are seen on the ventrolateral cortical surface, below the nascent rhinal sulcus, typically in piriform cortex ( Fig. 1 BЈ and CЈ) . GABA INs also are evident rostromedially where the OBs would normally protrude but are absent in Pax6 mutants ( Fig. 1  BЈ and C) .
Subpial Ectopias of GABA INs in Pax6
Mutants Are Connected to a Paraventricular Ectopia. Ectopias are observed in each of the 21 E18.5 Pax6 mutants analyzed. To further characterize them, we used an ErbB4 probe, which selectively marks postmitotic GABA INs (38) , hybridized to coronal ( Fig. 2A) and sagittal ( Fig. 2B ) sections of E18.5 Pax6 sey/sey brains. In WT, ErbB4 marks cells scattered across the CP (data not shown and Fig. 3A) . Subpial ectopias of ErbB4 cells are found along the inflection between neocortex and medial cortex and become progressively larger caudally (Fig. 2 A and B) . High-power examination indicates that the vast majority of cells in the subpial ectopias express ErbB4 (data not shown). Caudomedially, the ectopias are connected by streams of ErbB4 cells to a dense ectopic accumulation of ErbB4 cells deep in the cortical wall adjacent to the lateral ventricle ( Fig. 2 A Inset) . This paraventricular ectopia of ErbB4 cells lines the entire lateral ventricle of the neocortex, offset from the ventricular surface (Fig. 2) .
In addition to ectopias, ErbB4 cells are distributed in the CP of Pax6 mutants (Fig. 2C) at a density similar to that of WT (data not shown). ErbB4 cells in the CP and the ectopias both have appearances similar to postmigratory INs, whereas ErbB4 cells in the IZ (Fig. 2C) , the MZ, and the aberrant streams (data not shown) have elongated morphologies that resemble GABA INs migrating through the rostral migratory stream from the LGE to the OB in WT (5, 7, 9, 13) .
The subpial ectopias on the ventrolateral cortical surface are connected to the dTel paraventricular ectopia of ErbB4 cells by a stream of ErbB4 cells originating from the paraventricular ectopia near the junction of neocortex with LGE ( Fig. 2 A and  B) . This aberrant stream reaches the surface of piriform cortex and extends ventrally at or just beneath the surface. Fingers of ErbB4 cells extend superficially from this stream to the surface. 
Ectopias Express Markers Characteristic of GABA INs Derived from the
LGE. To assess further the ventral vs. dorsal fate of neurons forming the ectopias, we analyzed E18.5 WT and Pax6 sey/sey brains by using ErbB4 and Dlx-1͞2 as markers for GABA INs normally generated in the GE (5, 38) and Emx1, which marks all glutamatergic neurons of a dTel origin and all progenitors in the dTel VZ (which are depleted by E18.5) (29, 39) . In WT, ErbB4 (38) and Dlx-1͞2 (5) mark INs distributed across the cortex (Fig.  3A) . In Pax6 mutants, the subpial dorsomedial͞caudal and ventrolateral ectopias, their connecting streams, and the paraventricular ectopia strongly express ErbB4 ( Fig. 3 AЈ and AЉ) and Dlx-1͞2 (data not shown, but see Fig. 4 ). The signal density suggests that the great majority of cells in the ectopias express each of these markers. In contrast, Emx1 is not expressed in the ectopias or their connecting streams ( Fig. 3 BЈ and BЉ), although it is robustly expressed in the CP, the parahippocampal formation, and the piriform cortex of Pax6 mutants ( Fig. 3 BЈ and BЉ), as in WT (Fig. 3B) . Thus, the subpial ectopias, their connecting streams, and the paraventricular ectopia express markers for GABA INs generated in the GE but not a marker for glutamatergic neurons generated in the dTel VZ.
To determine whether the ectopias are formed by GABA INs of an LGE or MGE fate, we used the zinc finger transcription factor Sp8 (40) To determine when and how the ectopias form, we analyzed a developmental progression of WT and Pax6 sey/sey brains by using Dlx-1͞2 as a probe, because it strongly labels the ectopias ( Fig. 1 C and CЈ) . We do not detect subpial ectopias before E17.5. However, at E15.5, a high density of Dlx-1͞2-expressing cells is evident in the SVZ and IZ throughout the neocortex in Pax6 mutants (Fig. 4A ) and appears to be a nascent form of the paraventricular ectopia. By E16.5, the paraventricular ectopia is clearly defined in Pax6 mutants, and distinct streams of Dlx-1͞2 cells extend from it and pass through the CP to the pial surface (Fig. 4B) ; the ectopia and streams are not evident in WT (Fig. 4BЈ) . The density of Dlx-1͞2 labeling in the MZ of the hippocampal formation in Pax6 mutants (Fig. 4B ) is similar to that in WT (Fig. 4BЈ) , suggesting that MGE-derived INs distribute normally in Pax6 mutants. At E18.5, streams of Dlx-1͞2 cells connecting the paraventricular ectopia to the dorsomedial͞caudal subpial ectopias are present over a more limited rostrocaudal extent than the subpial ectopias (Fig. 4 C, CЈ, and CЉ and data not shown). These findings indicate that GABA INs take a limited migration path from the paraventricular ectopia to the subpial ectopias, which expand subpially as more cells feed into them. BrdUrd pulse-labeling confirms that cells expressing markers for postmitotic GABA INs in the ectopias are nonproliferative (data not shown). Relating Progressive Ventralization of the dTel VZ in Pax6 Mutants to the Ectopias. Our marker analyses and the development of the ectopias suggest that progenitors in the dTel VZ become respecified in Pax6 mutants leading to a fate change in their progeny from glutamatergic CP neurons to GABA INs. Previous studies report that the dTel VZ in Pax6 mutants exhibits marker changes consistent with this model (16, 26, 27) but have not effectively related it to a progressive fate change in its progeny. We addressed this issue by using a marker analysis to relate a potential respecification of progenitors in the dTel VZ to the fate of their progeny, focusing on ages ranging from E12.5, when the generation of CP neurons begins, to E14.5, the day before we detect a dense paraventricular accumulation of GABA INs reflecting a nascent paraventricular ectopia. Our findings at E12.5 and E13.5 are similar; therefore, we mainly present E13.5 data and compare it with E14.5 data. Progenitors in the GE express Mash1 (Fig. 5A ), Dlx-1͞2 (Fig.  5B ) (43) , and Gsh2 (data not shown) (27) with a sharp border on the lateral edge of the LGE and low or nondetectable expression in the dTel VZ (44) . In E13.5 WT, the GABA IN markers, Dlx-1͞2 (Fig. 5B ), GAD67 (data not shown), and ErbB4 (E12.5, Fig. 5C ), are restricted to the GE or its progeny but show differences in laminar distributions: GAD67 (not shown) and ErbB4 (Fig. 5C ) are limited to the mantle zone of vTel that contains postmitotic neurons generated in the GE, whereas Dlx-1͞2 is expressed in both the mantle zone and GE (Fig. 5B) . In E13.5 Pax6 mutants, the expression border between the LGE and dTel VZ is blurred because expression of Mash1 (Fig. 5AЈ ) and Gsh2 (data not shown) extends a modest distance dorsally into the dTel VZ. Expression of Dlx-1͞2 (Fig. 5BЈ ) and GAD67 (data not shown) also exhibits a modest dorsal extension in Pax6 mutants that parallels but is mainly superficial to that of Mash1 and Gsh2. In contrast, no difference is evident in ErbB4 expression between E12.5 WT and Pax6 mutants (Fig. 5 C  and CЈ) .
In E13.5 WT, the dTel markers Ngn2 and Emx1 are expressed in the dTel VZ (Fig. 5 D and E) and form a sharp border with the expression of Mash1 and Dlx-1͞2 in the GE (Fig. 5 A and B) . In contrast, in E13.5 Pax6 mutants, Ngn2 and Emx1 expression (Fig. 5 DЈ and EЈ) in ventrolateral dTel is coincident with the dorsal extension in Mash1 and Dlx-1͞2 expression (Fig. 5 AЈ and  BЈ) , resulting in an overlap in the two sets of markers and a blurring of the normally sharp expression border.
E14.5 Pax6 mutants exhibit substantial differences in expression of vTel markers, compared with both E13.5 mutants and E14.5 WT. In E14.5 WT, Mash1 expression is limited to the GE (Fig. 5F ), whereas in Pax6 mutants, it is robustly expressed throughout the dTel VZ (Fig. 5FЈ) . Dlx-1͞2 also shows a prominent expansion. In E14.5 WT, Dlx-1͞2 expression is limited to the GE and deeper parts of the mantle zone (Fig. 5G) , whereas in Pax6 mutants, Dlx-1͞2 expression extends throughout most of dTel (Fig. 5GЈ) . In both vTel and dTel of Pax6 mutants, Mash1 expression is limited to the proliferative zones, the GE and VZ, respectively (Fig. 5FЈ) . In contrast, in vTel of Pax6 mutants, Dlx-1͞2 is expressed strongest in GE, but in dTel, its expression is strongest superficial to the VZ (Fig. 5GЈ) , in a distribution resembling the nascent paraventricular ectopia at E15.5 (Fig. 4A) . At E14.5, ErbB4 expression is similar in WT and Pax6 mutants (Fig. 5 H and HЈ) . In both, ErbB4 cells emanate from the vTel mantle zone and migrate into the dTel along their normal paths in the MZ and IZ, again suggesting the generation of a normal population of GABA INs in the MGE that distribute to the CP (Fig. 2C) .
In E14.5 Pax6 mutants, the expression of dTel markers Ngn2 (Fig. 5 I and IЈ) and Emx1 (Fig. 5 J and JЈ) in ventrolateral dTel exhibits a modest dorsal shift. However, Ngn2 has an aberrant laminar pattern: In E14.5 WT, Ngn2 is most highly expressed in the VZ, whereas in Pax6, mutant cortex Ngn2 expression is strongest superficially.
These findings show that the dTel VZ undergoes a progressive ventralization: Only the most ventrolateral aspect exhibits ventral characteristics at E12.5 and E13.5, whereas most if not all of dTel VZ expresses ventral markers at E14.5. The dorsal shift in Dlx-1͞2 expression from E12.5 to E14.5 in Pax6 mutants and its ectopic domain of enhanced paraventricular expression at E14.5 parallel the dorsal extension in the dTel VZ of markers normally expressed by progenitors in the GE (Mash1,Gsh2), whereas ErbB4 expression resembles that observed in WT. These findings suggest that as the dTel VZ progressively becomes ventralized, it begins to generate cells that express markers for GABA INs, with the possible exception of ErbB4, which might have a late onset.
dTel VZ Progenitors in Pax6 Mutants Are Respecified to Generate
GABA INs. To demonstrate definitively that the ectopias of GABA INs are generated by progenitors in the dTel VZ, we determined whether the ectopias are of an Emx1 lineage that characterizes all dTel progenitors and their glutamatergic neuronal progeny (29, 39) . Neurons of an Emx1 lineage are selectively marked in Emx1-Cre; R26R heterozygous mice, in which all dTel progenitors and their CP progeny are permanently labeled by a ␤-gal reporter, whereas progenitors in the GE and their progeny, including GABA INs, are not labeled (29) . Therefore, we performed a triple cross using Pax6 sey/ϩ , Emx1-Cre knock-in, and R26R mice (30) .
Three E18.5 brains homozygous for the sey allele (Pax6 sey/sey ) and heterozygous for Emx1-Cre and R26R were analyzed; all exhibited the same phenotype and pattern of reporter expression. During processing of whole mounts for X-Gal histochemistry (n ϭ 2; data not shown), the subpial ectopias become selectively marked on the surface of hemispheres before they are masked by intense staining of the deeper CP. Three additional hemispheres were sectioned and then processed for X-Gal histochemistry. In addition to the CP, all three types of ectopias described above to express markers for GABA INs (Figs. 1-4) but not the CP marker Emx1 (Fig. 3) are strongly ␤-gal-positive, with essentially all DAPI-stained cells expressing the ␤-gal reporter (Fig. 6) . In contrast, as in WT (data not shown) (29) , the LGE (Fig. 6 ) and MGE (data not shown) are ␤-gal-negative in the triple-crossed brains, indicating that LGE and MGE progenitors and their progeny remain Emx1-negative in these mutants. Consistent with this finding, in Pax6 mutants, as in WT, the MZ contains significant numbers of cells that express markers for MGE-derived GABA INs but a relatively low density of ␤-gal-positive cells (Fig. 6 ). These findings conclusively demonstrate that the GABA IN ectopias are derived from progenitors in the dTel VZ of an Emx1 lineage that normally produce Emx1-expressing glutamatergic CP neurons, but during mid-stages of cortical neurogenesis, these dTel progenitors undergo a fate change, become ventralized, and produce GABA INs.
Discussion
Our findings indicate that in the telencephalon, Pax6 represses the generation of GABA INs in the dTel VZ and influences genetic mechanisms that restrict the appropriate proliferative zone for GABA INs to the GE. Our marker analyses with regionand neuron type-specific markers show that the telencephalon of perinatal Pax6 sey/sey mutants has substantially more postmitotic cells that express markers for GABA INs: GAD67, ErbB4, and Dlx1͞2. These markers also reveal large, subpial ectopias of GABA INs at reproducible locations in dTel and vTel, connected by streams of GABA INs to a paraventricular ectopia of GABA INs adjacent to the lateral ventricle throughout the cortex. These ectopias express a marker specific to GABA INs generated in the LGE (Sp8) but not a marker for INs originating in the MGE (Lhx6). Although the ectopias do not express the dTel marker Emx1, genetic fate-mapping reveals that they originate from the Emx1 dTel lineage rather than an overproduction and aberrant migration of GABA INs derived from the LGE (or MGE). Our findings show that the ectopias of GABA INs are due to a progressive ventralization of the dTel VZ and a concurrent change in the specification of dTel progenitors neurons from a dTel fate to a vTel fate, resulting in their generation of GABA INs normally generated in the LGE.
Pax6 has been implicated in regulating dorsal͞ventral regional identity of proliferative zones in the telencephalon (26) (27) (28) 45) . In contrast with our study, these studies have focused on earlier developmental stages and have interpreted a dorsal shift in GABA IN markers in Pax6 mutants at E14 as being due to an exuberant migration from an expanded MGE (26, 28) , possibly due in part to a breakdown in the dTel͞vTel boundary (46), although Torreson et al. (27) suggest the contribution of a fate change in dTel progenitors. The generation of glutamatergic CP neurons in the dTel VZ occurs mainly from E12.5 to E16.5 (47) , as does the generation of cortical GABA INs in the MGE (1, (48) (49) (50) . Early in cortical neurogenesis, E12.5 and E13.5, the pattern of marker expression in Pax6 mutants shows a modest dorsal extension of GE markers into the dTel VZ (present study and refs. 26 and 27) . However, the dorsal extension of ventral markers increases substantially by E14.5, such that essentially the entire dTel VZ expresses GE markers, including Mash1 and Dlx-1͞2 (present study and ref. 27) , and produces GABA INs of a vTel fate (present study). These findings are consistent with data showing that ectopic Mash1 expression in the dTel can drive production of cells with a vTel fate (51) . Interestingly, in the human neocortex, a subset of progenitors in the dTel VZ normally expresses Mash1 and produces GABA INs that are Mash1-and Dlx-1͞2-positive (52) .
At E14.5 and earlier, the expression pattern of ErbB4 in Pax6 mutants resembles WT and suggests that a normal population of GABA INs are generated in the MGE of Pax6 mutants and migrate tangentially into the cortex along their normal paths. At later ages in Pax6 mutants, we find GABA INs that express ErbB4, Dlx-1͞2, and Lhx6 in the CP and MZ in a WT-like distribution and are likely those generated in the MGE, suggesting that the breakdown of the dTel͞vTel boundary does not grossly affect the tangential migration of GABA INs generated in the MGE.
Our findings indicate that at early stages of cortical neurogenesis, E12.5 and E13.5, only the ventrolateral dTel VZ, which abuts the LGE, is ventralized and ectopically produces GABA INs. However, by E14.5 and later, the dTel VZ ectopically generates GABA INs in substantial numbers throughout its extent and has a diminished production of glutamatergic CP neurons, an interpretation consistent with complementary lines of data. First, the aberrant distributions of GABA INs develops progressively after the dTel VZ broadly expresses vTel markers: A dense paraventricular ectopia is first clearly evident on E15.5 (although Dlx-1͞2 expression suggests that it begins to form as early as E14.5), the aberrant streams leading from the paraventricular ectopia to the pial surface are not evident until E16.5, and the subpial ectopias subsequently develop from the streams. Second, as we show in Pax6 mutants, the subpial ectopias, the paraventricular ectopia, and the streams that connect them, express markers for GABA INs but not for glutamatergic CP neurons, although a CP develops and expresses markers for glutamatergic neurons of a dTel origin. Third, all of the ectopias and their connecting streams strongly express a ␤-gal reporter in E18.5 Pax6 sey/sey ;Emx1-Cre;R26R mutants, providing definitive confirmation that the GABA INs that comprise them are derived from an Emx1 lineage and are generated by dTel progenitors rather than by GE progenitors, which are not of an Emx1 lineage in either WT or Pax6 mutants. GABA INs of an Emx1 lineage are clearly the predominant cell type that form the ectopias, but we cannot exclude that a small number of other cell types are present.
Our conclusions are consistent with the findings of Caric et al. (18) in Pax6 mutants and provide an explanation. They describe that the thinner CP in Pax6 mutants is largely due to a failure of most neurons generated after E13.5 to migrate into the CP; instead, they accumulate deep in the cortical wall in a layer that they define as an aberrantly thick VZ͞SVZ (18) . Our findings indicate that the thinner CP and defective migration of the later-generated neurons in Pax6 mutants are due to a change in the fate of these neurons from a glutamatergic CP neuron to a GABA IN, reflecting the progressive and late change from a dorsal to a ventral fate of their dTel progenitors; we conclude that the late-generated CP neurons, defined by BrdUrd birthdating by Caric et al. (18) as defective in their migration and ''stuck'' in the VZ͞SVZ in Pax6 mutants, are the GABA INs that we have identified to form the paraventricular ectopia.
The late onset of the extension of ventral markers into the dTel VZ of Pax6 mutants (16, 27, 53) indicates that Pax6 does not act alone in specifying the dTel or in maintaining its boundary with vTel (16, 27, 53) . Our findings confirm and extend this interpretation and demonstrate that Pax6 is required to maintain the dorsal fate of progenitors in the dTel VZ and of their glutamatergic neuronal progeny that form the CP. However, we find that, as a population, progenitors in the dTel VZ of Pax6 mutants exhibit an incomplete ventralization, indicated by the persistent, albeit altered, expression of dorsal markers, such as Emx1 and Ngn2 at E14.5, coincident with the expression of ventral markers. Therefore, it is possible that individual progenitors in the dTel VZ express both dTel and vTel markers, perhaps resulting in the generation of aberrant cell types that do not properly migrate or differentiate. An alternative conclusion is that, in Pax6 mutants, distinct subsets of dTel progenitors either acquire a ventral fate or retain a dorsal fate, with the former respecified to generate GABA INs and the latter continuing to generate glutamatergic CP neurons. This mixed dTel͞vTel phenotype of the dTel VZ is consistent with the continued but decreased number of superficial layer CP neurons generated after E13.5 in Pax6 mutants (18) , and also is consistent with our findings that CP neurons in Pax6 mutants are of an Emx1 lineage and express Emx1, as in WT, whereas the GABA IN ectopias do not express Emx1 but are of an Emx1 dTel lineage and are generated by progenitors that transiently expressed Emx1 at an earlier stage before their ventralization.
Note Added in Proof. After the original submission of this paper, a study by Schuurmans et al. (54) provides evidence suggesting a late respecification of dTel progenitors in Pax6 sey͞sey mutants to produce Dlx1-positive progeny, consistent with our demonstration that they undergo a fate change and produce GABA INs.
